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The resource allocation between children's academic learning and their physical activity has been believed by many to be a zero-sum game [1] . However, a lot of evidence has been published to prove that spending time on physical activity would not necessarily undermine children's academic achievements. A systematic review of free school physical activity concluded that free school physical activity was positively associated with better academic outcomes, suggesting physical activity may enhance scholastic performance [2] . A randomized experimental study conducted among sixth-grade students in the US found that students who performed vigorous activity had significantly higher grades, and moderate physical activity did not affect grades [3] .For the younger population, Drollette et al [4] found that preadolescent children's participation in a single bout of structured physical activities lasting at least 20 minutes is beneficial for various cognitive functions, including aspects of concentration, reading and mathematics achievement, and inhibitory control. As an interpretation for this consistent link between exercise and brain function, it is hypothesized physical exercise could up-regulate neurotrophins and induce neuronal growth [5] .Evidence from neuroscience proves the point: increases in cardiovascular fitness results in increased functioning of the brain's attentional network [6] ; exercise training has been shown to increase the size of hippocampus and improves memory [7] .Among physically-disabled youth, physical activity may increase baseline neuronal activity, and help improve brain health [8] .
Not all studies of this topic have shown a positive association between physical activity and enhanced academic performance. Some studies found non-significant or negative associations between physical activity programs in schools and several aspects of academic achievement (such as math scores and language scores) [9] [10] [11] . Moreover, home environment, health status, and school-specific factors may potentially confound the observed positive relationships. For instance, family socioeconomic status simultaneously affects child pre-academic skills, self-regulation, math skills, and health behaviors such as leisure-time physical activities [12] [13] . Students with health problems may be less likely to participate in physical activity [14] and their health problems may interfere with academic achievement as well [15] . Additionally, the observed positive association may depend largely on the particular school environment. School engagement, which includes teacher support and teacher-parent communication, were important determinants of student's academic performance [16] , and such school-level factors also influenced frequency of students' physical activity [17] . Furthermore, it is not clear in the literature whether the positive relationship between physical activity and academic performance varies by intensity of exercise or differs by distribution of academic performance scores. Finally, the fact that many such studies use parent-reported or students' self-reported information about the student scholastic performance casts doubt upon the reliability of the scholastic performance measure, and thus could compromise the policy implication of the significant associations they identified.
This study is partly driven by China's recent decline in physical fitness including vital capacity, speed, strength, and endurance from 1985 to 2005 among school-age children [18] [19] . Along with this trend, prevalence of overweight and obesity among school children in China's large cities was increasing rapidly [20] . To address these issues, the Chinese government has taken measures to improve physical education in schools. In 2010, Ministry of Education mandated physical education in schools to improve the physical health of the students. The Ministry regulated the frequency of physical education classes and duration of in-class and afterclass physical activities [21] . However, China's current education system strongly prioritizes student's academic performance [22] . As physical education is not a primary requirement for China's college admission competition, it has been given a low priority among China's school principals [23] . Consequently, physical education classes often gave way to other classes, and exercise time in-and after-school is often filled with extracurricular studying activities [24] .
In this study, we use teacher-reported scholastic performance information of students to explore the association between the frequency of physical activity and academic performance among fifth-grade students. We attempt to fill a research gap by exploring whether this association differs by intensity of physical activity and varies across students with different strata of academic performance. Given our more objective measure of students' academic performance and more in-depth analysis of the data, this study is likely to contribute new insights for those who wonder how much of the child' time should be given to physical activity. For school principals and school district policy makers, our findings would be helpful in planning school policies on students' time allocation between physical activity and academics.
Methods

Study Population
This was a cross-sectional study with all data collected in 2009. Institutional Review Board approval for this study was obtained from the Shanghai Children's Medical Center. The study was conducted in public schools in Shanghai, China. The study sample was obtained using stratified random sampling technique. The city of Shanghai was stratified into 18 administrative units including urban districts and suburban regions, 10 administrative units were designated as primary sampling units (PSUs). In each PSU, one public school was selected. We conducted interviews using a structured questionnaire with all fifth-graders in those 10 public schools and with one of their parents. Informed consent was obtained from the interviewees. Fifth-graders were chosen because they were about to take an entrance examination to enter a middle school, and we assumed they would be highly motivated to improve their academic performance. Data on students' academic performance was obtained separately from their class head teachers. The average class size was 40 students per classroom in those public schools. Ninety-eight percent of the participants completed the questionnaire, resulting in a total sample size of 2,225 respondents.
Variable Measurement
The International Physical Activity Questionnaire (IPAQ) (Chinese version) was used to measure students' weekly physical activity (PA) levels [25] . Each student was asked: "Within the last 7 days, about how many days did you participate in vigorous/moderate/minimal (i.e. walking) physical activities that last for at least 10 minutes?" Among those whose answers were greater than "0" days to the above question, students were further asked "On those days when you participated in physical activities, about how many minutes did you spend on vigorous/ moderate/minimal (i.e. walking) physical activities each day?" A baseline assessment by the research team showed that measures on the second question-minutes of physical activities per day were of poor quality. 33.62% of the students did not answer the latter question or could not remember the number of minutes of physical activity during the past 7 days. Thus, we only chose the measures of the frequencies of PA (days/week) as primary predictors.
The outcome variable in this analysis was academic performance scores (APS). The questionnaire was developed based on the Oliviero Bruni's Teacher school achievement form [26] . It was composed of six items covering different aspects related to school achievements such as reading ability, reading comprehension, mathematics, executive ability, interest and attention. We assessed components of students' listening and speaking skills, reading skills, writing skills, mathematical calculation and mathematical logical reasoning evaluated by their head teachers, who had supervised the student for more than one year. Each component was measured by a 5-point rating scale, with higher scores indicating better performances. Reliability of the questionnaire was tested in another paper using a pilot sample, where the overall Cronbach α coefficient for this questionnaire was 0.962, and the Cronbach α for each dimension used in this study ranges from 0.905 to 0.961, indicating good reliability [27] . Scores on each of those components were summed and used as the outcome measure.
Adjustments were made for a series of potentially confounding factors in the regression analysis: student's demographic characteristics, parents' socioeconomic status, time spent on other activities and health conditions. Demographic characteristics included the student's age and gender. Information on parents' socioeconomic status was obtained from the parents' questionnaire, which included measures of household income per capita, family structure and parents' educational attainment. Income per capita in the household was a categorical variable with income less than ¥1500 ($245) per month as the reference group. Another two groups were income ranges from ¥1500-¥2500 ($245 -$408) and income greater than ¥2500 ($408) per month, with reference to Shanghai Bureau of Statistics on the categories of lower-middle, middle and higher-middle families defined by monthly disposable income per capita in 2009 [28] . Family structure was categorized into nuclear family (the child living with both parents: the reference group), single-parent family (the child living with a single parent) and extended family (the child living with both parents and grandparents). Parents' educational attainment was measured by the father and the mother's education levels, categorized into less than high school (the reference group), finished high school and attended college or above.
In addition, there is a trade-off between time spent on PA and on other activities that are related to academic performances. Those activities may include doing homework and participating in extra-curricular activities. We included both variables in this study. The students were asked, "How many hours did you spend on doing homework every day?" The variable was then categorized into four groups with "less than 1 hour" as the reference group, and "1-2", "2-3" and ">3" hours as the other groups. The students were also queried about whether they attended extra-curricular activities. Those who answered "No" were in the "0" (reference) group, and those with the "Yes" answers were in the "1" group.
Students' health status may be associated with frequency of PA as well as cognitive outcomes. We thus further controlled for students' weight status, whether or not the student suffered from allergic rhinitis or asthma. With the exception of students' weight, all the information was collected from the parent's questionnaire. Height and weight were measured with the subjects wearing light clothes and no shoes. Height was measured to the nearest 0.1 cm with a stadiometer (RGY-140 stadiometer, Shanghai BaoShan Weighter Factory). Weight was measured to the nearest 0.1 kg with a weighing scale (Type RGT-140-RT Body Weight Balance, WuXi Weigher Factory Co. Ltd.). All assessments were performed twice, and their average was used in the analyses. BMI was calculated as weight (kg)/height squared (m 2 ).We defined obesity status using P(95) as the cut-off point based upon the BMI-for-age percentiles for Chinese children and adolescents established by the group of China Obesity Task Force [29] .
School-level factors may also confound the association of interest. However, the study did not focus on identifying any specific school-level factor. School-level factors were treated as fixed effects in our analysis.
Data Analysis
Ordinary least squares (OLS) regressions were performed to examine the cross-sectional association between PA and APS, adjusting the aforementioned confounders including student's age and gender, family income per capita, parents' education, time spent on other activities and their health conditions [12] [13] [14] [15] [16] [17] . Students' APS was regressed separately on frequencies of different levels of PA including vigorous-intensity physical activity (VIPA), moderate-intensity physical activity (MoIPA) and minimal-intensity physical activity (MiIPA). School effects were added into the regression to account for omitted-variable bias at the school-level. To determine if a fixed effects model is preferred to a random effects model, we conducted a Hausman-Wu test to compare the school fixed effects with random effects regression. The Hausman-Wu test showed that we should reject the null hypothesis that the random-effects estimates were consistent with the fixed-effects estimates (P<0.001). We then proceeded to use the linear regression with school fixed effects. To explore how PA was associated with the distribution of APS, we applied a quantile regression analysis with school effects included. Quantile regression is an extension to OLS regression. But differs from the classical OLS regression, which is a conditional mean function that describes how the mean of dependent variable changes with respect to a vector of covariates, and also assumes the error has the same distribution for all values of the covariates (i.e. homoscedasticity), quantile regression aims at estimating either the conditional median or other quantiles of the outcome variable, which offers a complete view of the effect of the covariates on the distribution of the dependent variable [30] . One hundred bootstrap replications were performed in the quantile equations to compute the standard errors (SE) of the estimators. Post-estimation tests were performed and results were plotted to check the equivalences of coefficients at various quantiles. Statistical significant tests were performed at α = 0.05 level. All analyses were conducted in STATA/SE 12 (StataCorp LP, College Station, Texas, USA).
Results
Characteristics of the sample were depicted in Tables 2-4 presented the results of linear regression, linear regression without school effects, and quantile regression with school fixed effects. The estimated standard errors were presented in parentheses. In the OLS regressions without school effects, VIPA was found to be negatively and significantly associated with APS (β = -0.22, SE = 0.05), whereas MoIPA had no significant association (β = 0.02, SE = 0.04). MiIPA had a significant positive association with APS (β = 0.12, SE = 0.04), when adjusted for demographic, family socioeconomic status, health status, and time spent on other activities. But the significant association between VIPA and APS disappeared after controlling for school fixed effects (β = -0.02, SE = 0.05). The other two associations did not change significantly when we included school fixed effects. Besides frequency of physical activities, time spent on homework was negatively associated with students' academic performance, whereas attending extracurricular activities was positively associated with APS. We were particularly interested in the results found when we investigated the heterogeneous association with different parts of the conditional APS distribution in the quantile regressions. MoIPA and MiIPA played a different role in students' APS quantiles. We found the magnitude of the estimates decreased monotonically from a lower quantile to a higher quantile of APS. There was a statistically significant and positive association between MoIPA and APS and between MiIPA and APS if the students were in the lower half of the APS distribution (10% and 25%), while this was not the case any more for students who belonged to the top 50% of APS distribution in our sample (50%, 75% and 90%). In particular, the quantile regression coefficient of MoIPA at the 25 th percentile of academic performance suggested that every one day increase in moderate physical activity per week was associated with a 0.15 point or 0.6% ((0.15/ 25) Ã 100 = 0.6) increase in APS, after controlling for all other factors in the model. The quantile regression coefficient of MiIPA showed that at the 10 th and 25 th percentiles of APS, a one-day increase in walking for at least 10 minutes per week, predicted an increase in the academic scores by 0.24 points (1.0%) and 0.17points (0.7%) respectively, holding all else constant in the model. A post-estimation test suggested that the coefficients of VIPA were not significantly different across different quantiles of the APS (F = 1.42, P = 0.22). However, for MoIPA, the coefficient at the 25 th percentile of APS was significantly different from that at the 90 th percentile (F = 6.31, P = 0.01). And for MiIPA, the coefficients at the 10 th and 25 th percentile were different from that at the 90 th percentile (F = 7.02, P = 0.01 and F = 4.41, P = 0.04). Note: Missing values for Academic performance scores were 60 (percent of missing = 2.70%), for age were 74 (percent of missing = 3.33%), for gender were 97 (percent of missing = 4.36%), for household income were 122 (percent of missing = 5.48%), for family structure were 104 (percent of missing = 4.67%), for mother's education were 112 (percent of missing = 5.03%), for father's education were 113 (percent of missing = 5.08%), for attending extracurricular activities were 91 (percent of missing = 4.09%), for average time spent on homework were 85 (percent of missing = 3.82%), for weight status were 490 (percent of missing = 22.02%), for rhinitis were 94 (percent of missing = 4.22%) and for asthma were 91 (4.09%). 1. Bootstrapped standard errors with 100 replications. * P<0.05 **P<0.01 Fig. 1 was a histogram showing the distribution of APS, from which we noticed that there were some students who belonged to the extremely lower parts of the APS distribution. Figs. 2-4 showed the coefficients of each PA variable for different quantiles of the performance scores. Focusing on Fig. 2 , we can see that the association between VIPA and APS was similar Physical Activity and Academic Performance among Fifth-Graders throughout the full range of the APS distribution, and the quantile regression estimates was close to the linear estimate for VIPA. However, the coefficients of MiIPA appeared to be different across the spectrum of academic scores. For example, the coefficient for frequency of MiIPA at the 10 th percentile was larger than that at the 90 th percentile. So the positive association between minimal physical activity such as walking and academic performance scores tended to be larger at the lower end of the distribution than at the higher end of the distribution.
Discussion
Our study provided a more comprehensive analysis of the relationship between academic achievement and physical activity than the ordinary least squares regression. For those who Physical Activity and Academic Performance among Fifth-Graders belonged to the lower end of APS, the magnitude of positive association between frequency of moderate-and minimal-intensity physical activity and APS appeared to be significantly larger than for those who were at the higher end of APS. Although we could not infer causal relationship given the cross-sectional design of the study, our finding showed that physical activity could be particularly beneficial for the scholastic performance of those at the highest risk for academic failure and school dropout, even if the physical activity is only of minimal intensity.
This finding is consistent with previous studies that showed moderate physical activity can improve children's self-esteem, physical fitness, concentration and memory [15, 31, 32] . One of our study's unique strengths was its use of a representative sample of fifth-grade students in Shanghai's public schools. We collected information on diverse social and health factors including parent's socioeconomic status and family structure, as well as students' health conditions and time allocation on various activities, enabling the analysis of pathways that may confound the relationship of interest. The second strength of this study was that we applied quantile regression analysis to assess the unequal association of physical activity with different Physical Activity and Academic Performance among Fifth-Graders ranges of academic performance scores, providing evidence for strategizing interventions for target populations. Our third unique strength is that we use teacher-reported measure to operationalize the scholastic performance, thus removing the possible biases from parent-reported or student-reported variables about academic achievement.
Limits
The cross-sectional design of the study limits the conclusions that may be drawn. For instance, although socio-economic, family and school environmental factors were important determinants of scholastic performances; genetic endowment may have provided an inherited predisposition for some students to be successful in both athletics and academic study [33] . Also, mental health has been shown in the literature to be as an important predictor of problem behavior and poor academic outcomes. These factors were not measured and adjusted in this study. Furthermore, the self-reported measurement on different intensity of physical activity may contain information bias. Students may not recall the frequencies or over-report their frequencies of exercises in a school setting. Albeit independent of their APS, this non-differential measurement error may weaken the study findings. The teacher-reported APS may also be influenced by school policy and environment, but this bias should be attenuated when schoollevel fixed effects were adjusted. Finally, we found that the relationship between frequency of PA and APS varied by individual school, yet, while this study did not intend to identify specific modifiable factors at the school-level., those factors may have important implications for interventions, which should be assessed in future studies.
Policy Implication
The findings from this study support the promotion of physical activities in schools. Those students who had poor academic performance could be worse off in their grade if schools or parents replace their physical activity time with more homework and extracurricular study time. This is particularly critical because students who did not achieve satisfactory academic scores were more likely to be assigned more homework.
Our results showed that the average time spent on homework per day, in particular more than 2 hours per day, was negatively associated with academic performance, which may reflect the real situation in Shanghai's public schools. Thus it may make sense for schools to limit homework time within 2 hours. A guideline for studying time of primary school students released by Ministry of Health stipulates that homework for fifth and sixth graders should be within 90 minutes, which is obviously not have been fully implemented [34] . Studies in western education system shared the same insights. For example, a study based on systematic review suggested that homework be realistic in length and difficulty given the students' abilities to work independently. 5 to 10 minutes per subject might be appropriate for 4th graders [35] . Another review suggested a "10-minute" rule, according to which the appropriate homework length should be 50 minutes in fifth graders [36] . This could be particularly important for the teachers, parents and students to change their current norm of using extra homework length to improve academic achievement. Instead, moderate-and minimal-intensity physical activities may have a positive influence on academic achievement, and should be strongly encouraged.
As for the feasibility issue of how to promote physical activity among students who might have a disadvantaged background, there have been a number of guidelines recommending proven strategies to improve physical activities in schools or communities among children. U.S. Department of Health and Human Services issued a guide that recommended community-wide health education campaigns, school-based physical education, and social support in community settings, highlighting the role of multisite, multicomponent interventions in sustainably increasing physical activity behaviors [37] . The US Centers for Disease Control and Prevention promoted strategies that increase student's physical activity in schools (e.g., a Kids Walk-to-School manual provided guidance for schools and communities on how to create an environment to support safe walking and bicycling to school) [38] . A multilevel approach to promoting physical activity is likely to be effective, which combines school-based interventions with family or community involvement, along with educational interventions with policy and environmental changes [39] . Physical activity can be increased during school break periods, through existing youth organizations, summer day camps and possibly through active transportation [40] .
